An oligonucleotide array was developed to detect and genotype mollicutes based on the internal transcribed spacer (ITS) sequence. The results of the assay were compared with those of a PCR-RFLP assay. The proposed oligonucleotide array containing 5 genus-and 23 species-specific probes was able to detect Mycoplasma species, including M. penetrans and M. spermatophilum, that were not detected by the PCR-RFLP assay. Therefore, the results demonstrated that the proposed oligonucleotide array was effective for the detection and discrimination of 23 species, including an acholeplasma, 21 mycoplasmas, and a ureaplasma, and showed promise as a countermeasure to ensure that biological products are safe and of good quality.
The contamination of biological materials by mollicutes (including Acholeplasma, Mycoplasma, and Ureaplasmas) can lead to unreliable experimental results and unsafe biological products. Mycoplasmas are phenotypically distinguished from other bacteria by their minute size and total lack of a cell wall. The methods for detecting pathogenic or contaminant mycoplasmas include microbiological cultures, immunological assays, DNA staining techniques, nucleic acid hybridization, and PCRs [4, 11] . Various laboratories have already developed species-specific PCR assays to detect mycoplasmas [12] . However, PCR assays can only detect a single or limited number of mollicute species [5, 10] . Accordingly, this study analyzed a phylogeny tree of the ITS sequences of mollicutes and developed an oligonucleotide array that can genotype 23 mollicutes (an acholeplasma, 21 mycoplasmas, and a ureaplasma). 
Bacterial Strains and Preparation of Genomic DNAs

PCR and Sequencing of ITS Regions
The primers used for the amplification of the ITS region of the mycoplasmas (F2 and R2) and acholeplasmas (M78 and R34) have already been described [10] 
Phylogenetic Analysis
The distances for each ITS were calculated using the PHYLIP package [2] and Kimura 2 parameter [4] . The phylogenetic trees were also constructed with the PHYLIP package using the neighbor-joining method [8] . The significance of the resulting tree topologies was tested by performing a bootstrap analysis with resampling 1,000 times.
Oligonucleotide Array for Genotyping of Mollicutes
Genus-and species-specific probes were designed from the conserved and polymorphic regions of the ITSs for Acholeplasma, Mycoplasma, and Ureaplasma, respectively. The specificity of the probes was evaluated by testing using mollicutes and closely related bacteria (B. subtilis, Lb. casei, Cl. pasteurianum, E. coli, and En. faecalis).
The fabrication, hybridization, and scanning processes of the oligonucleotide array have been described previously [3, 6] . A schematic showing the layouts of the oligonucleotide probes is shown in Figs. 2Y and 2Z.
PCR-Restriction Enzyme Analysis (PRA)
The unique restriction patterns predicted by the NEB cutter, version 2.0 program (http://www.neb.com/rebase), were verified using the PCR products amplified with the F2 and R2 primers for the restriction enzyme analysis of the mollicutes. Differentiation of the mollicute species was accomplished by digestion with VspI (MBI Fermentas, Hanover, MD, U.S.A.), SspI and HindIII (New England BioLabs, Beverly, MA, U.S.A.), ClaI, DraI, and HinfI (DCC-BIONET, Korea), and the digested patterns determined by agarose gel electrophoresis.
Phylogenetic Relationships of Mycoplasmas Based on ITS Sequences
An acholeplasma, 21 mycoplasmas, and a ureaplasma were clustered in 5 groups based on the ITS sequences (Fig. 1) . The overall ITS sequence similarity ranged from 32.0% to 99.0% (data not shown). The lowest similarity was 32.0% between M. hyorhinis and M. pirum, whereas the highest similarity was 99% between M. arthritidis and M. faucium (data not shown). Therefore, these results indicated that the phylogenetic analysis using the ITS sequences was capable of distinguishing between an acholeplasma, 21 mycoplasmas, and an ureaplasma, with the exception of M. arthritidis and M. faucium.
Genotyping of Mycoplasmas Using Oligonucletide Array: Specificity and Sensitivity
The ITS sequences of mollicutes contain both conserved and polymorphic regions. Thus, the conserved regions in the ITS sequences of Acholeplasma and Mycoplasma were used to design several genus-specific probes. First, the optimal genusspecific probes were selected for 5 groups based on the ITS sequences. The MP-CP probe was hybridized with the mycoplasmas in groups 1 and 3. The MP-CB probe was hybridized with the mycoplasmas in group 2. The MP-CE probe was hybridized with the mycoplasmas in groups 4 and 5. In addition, since there was no single genus-specific probe to The numbers on the tree are the percentages of occurrence in 1,000 bootstrapped trees; only values greater than 70% are shown.
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hybridize all the mycoplasmas, a combination of the four probes (MP-CP and MP-CB or MP-CP and MP-CE) was used to detect the mycoplasmas at the genus level. Finally, the AP-CB probe was hybridized with the acholeplasma.
The presence of several polymorphic regions within the ITS sequences enabled the design of individual species-specific probes. The genus-and species-specific probes only detected their target, and there was no cross-hybridization with other bacteria (Fig. 2) . The oligonucleotide array allowed for the differentiation of an acholeplasma, 21 mycoplasmas, and a ureaplasma, yet was unable to differentiate M. arthritidis and M. faucium, owing to the 99% similarity of their respective ITS sequences. The oligonucleotide array also allowed for the identification of a number of mycoplasma species in one reaction. The genus-specific probes showed a unique hybridization pattern with mycoplasmas ( Figs. 2A  to 2W ) and a mismatch with other bacteria containing B. subtilis, Lb. casei, Cl. pasteurianum, E. coli, and En. faecalis, Fig. 2 . Hybridization results for mycoplasma species when using an oligonucleotide array.
A to W. Each species of mycoplasma exhibited a unique pattern of reactivity to each set of probes. X. Hybridization results for other pathogenic bacteria. Y. Image of QC probe before hybridization. Z. Layout of probes in the oligonucleotide array. The probes were patterned in duplicate. The probe names are as explained in Table 1. all of which are taxonomically close to mycoplasmas (Fig. 2X) . Each mycoplasma species exhibited a unique hybridization pattern with their own species-specific probe (Fig. 2) , allowing each mycoplasma species to be identified with a single probe. The species-specific probes were also able to discriminate the mycoplasmas on the species level under uniform hybridization conditions.
To determine the sensitivity of the PCR-based hybridization assay, a series of 10-fold plasmid dilutions was used, ranging from 29.7 to 0.297 ng/µl per reaction. The sensitivity of the oligonucleotide array was 2.97 pg/µl of DNA per reaction (data not shown).
Genotyping of Mycoplasmas by PCR-Restriction Enzyme Analysis (PRA)
The sizes of the fragments coincided with those predicted on the basis of their sequences (Table 2) . Unique restriction patterns were obtained with VspI (data not shown), except for M. arthritidis and M. faucium, where the restriction patterns were identical. For further verification of the remaining 7 species that could not be identified with VspI, a PRA was also performed with HindIII, ClaI, and SspI. The PRA patterns for M. arginini (134 bp and 102 bp) and M. cloacale (135 bp and 115 bp) were too similar for discrimination by gel electrophoresis. However, the results of the PCR-RFLP and direct sequencing matched well with those of the oligonucleotide array.
Most of the methods currently available for the detection of mycoplasmas are inadequate in terms of sensitivity and specificity. Therefore, recent efforts have focused on the development of more rapid and accurate detection assays for the species-specific identification of mycoplasmas using sequence-based molecular techniques. Whereas the 16S rDNA identity of mycoplasmas ranges from 62.7% to 98.8%, the ITS sequence identity of mycoplasmas ranges from 32.0% to 99.0%. Thus, a phylogenetic analysis based on ITS sequences -CTAGACTAAAGTTAATGGTAC-3' 040-600 
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enabled the mollicutes to be clustered into groups and discriminated as species (Fig. 1) . Moreover, the size of the amplicons containing conserved and polymorphic regions was 350 to 450 bp, making them appropriate to gain meaningful signals for the hybridization reaction of an oligonucleotide array. Thus, genus-and species-specific probes were designed for the genotyping of mycoplasmas. However, owing to the over 170 species already included in the GenBank database, and their ever increasing number, along with the number of different hosts [9] , many probes are needed that can detect more mollicutes. Yet, from a cost perspective, it is not efficient to include species that only contaminate with a low frequency. Thus, to solve both issues, the inclusion of nonspecies-specific probes in the oligonucleotide array allows mycoplasmas to be detected on the genus level by hybridization with a genus-specific probe, thereby including the detection of low-frequency or unknown species of mollicutes. Furthermore, to develop oligonucleotide array-based genotyping, the critical point is the specificity of the genotype-specific probes. Thus, the hybridization-based assay exhibited no cross-reaction, and all the genotype-specific probes were highly discriminating [1] .
In conclusion, an ITS sequence-based oligonucleotide array was developed for the detection and discrimination of Mycoplasma species using a single hybridization. The proposed oligonucleotide array is able to identify 23 Mycoplasma species, with the exception of M. arthritidis and M. faucium, using a single probe in one hybridization, along with the The ITS regions for these six species are not in GenBank, but were obtained by a PCR and sequencing in this study.
b
The ITS regions for these six species are in GenBank, yet these species are not listed in previous literature [7] . The expected lengths of the restriction fragment size were estimated based on an analysis of the sequences of the PCR amplicon from the F2/R2 primer pair in this study. -; No restriction site.
detection of unusual or unknown mollicutes in a rapid, easyto-perform manner and at a low cost. Therefore, the present results demonstrate that an oligonucleotide array is very useful for the rapid identification and accurate discrimination of mycoplasmas, and can be an effective countermeasure to ensure the good quality and safety of biological products.
